and astrocytes are derived from common precursors
) (Mullen et al., 1992) . Together, progenitors, it is uncertain if also other regions of the these data strongly suggest that at least a subset of developing CNS give rise to these cell types in vivo.
Olig1/2 ϩ cells in the hindbrain originates from dorsal We have explored the positional specification of oligoprogenitors and are consistent with the idea that these dendrocytes in the spinal cord and hindbrain and procells differentiate into oligodendrocytes. vide in vivo and in vitro evidence that, in addition to the To more extensively investigate if dorsal progenitors ventral pMN domain, oligodendrocytes are generated in the hindbrain generate oligodendrocytes, we examfrom dorsal progenitors at both these axial levels. High ined the capacity of hindbrain explants to generate OLPs concentrations of BMPs block the specification of dorin vitro. In this assay, explants corresponding to the sal Olig2 ϩ cells in vitro, and their generation is promoted ventral and dorsal Olig1/2 ϩ domains ( Figure 1X ) were when BMP signaling is inhibited, indicating that a proisolated at E10.5, approximately 2-3 days before gressive decrease of dorsal BMP signaling over time Olig1/2 ϩ OLPs can be detected in vivo (Miller, 2002) . influences the temporal appearance of oligodendroExplants isolated from tissue intervening the ventral and cytes in the dorsal neural tube. In addition, we show dorsal Olig1/2 ϩ domains (intermediate explants; Figure  that pMN domain-derived oligodendrocytes essentially 1X) were included as controls, since this Olig1/2 Ϫ doare missing in the spinal cord of mice lacking the venmain is predicted not to produce oligodendrocytes trally expressed HD proteins Nkx6.1 and Nkx6.2 (collecin vivo or in vitro. Explants were cultured in defined tively termed Nkx6 proteins). We find that these HD media containing platelet-derived growth factor (PDGFproteins instead suppress oligodendrocyte production AA) for various time points, and OLP generation was in the anterior hindbrain. These unanticipated opposite scored by monitoring expression of the OLP markers roles for Nkx6 proteins in the spinal cord and hindbrain, Olig2, PDGFR␣, NG2, and the O4 antigen (Sommer and in turn, reflect that oligodendrocytes are produced by Schachner, 1981) . Importantly, we did not add fibroblast distinct ventral progenitor domains at these axial levels.
growth factors (FGFs) to the culture media, since FGF2 Taken together, our data suggest that oligodendrocytes has been shown to ventralize cultured dorsal neural proare generated from several distinct DV progenitor dogenitor cells, resulting in an arbitrary in vitro-triggered mains and that the activation of Olig1/2 at different posiinduction of Olig2 expression and oligodendrocyte diftions is controlled by distinct genetic programs.
ferentiation ( Figure 1U ) but not the ventral markitive markers of dorsal progenitor cells at this axial level 
/Pax7
ϩ cells ( Figure 5F ) and a lack of any detectpMN domain of Nkx6 mutant spinal cord. able induction of Nkx2.2 or Nkx6.1 expression (data not
The observation that loss of Nkx6 proteins in the anteshown). Instead, the increased number of Olig2 ϩ cells rior hindbrain instead results in an ectopic induction of in E10.5 explants exposed to Noggin/Chordin correlated OLP markers, led us to examine the generation of OLPS with a more rapid induction of these cells as compared at this level in more detail. In the anterior hindbrain, to controls (Figures 5H-5L) . BMP7 blocked Olig2 exventral expression of Olig2 could first be detected at E12.5 ( Figures 6E, 6I, and 6K) . Most, if not all, Olig2 ϩ pression also in dorsal explants isolated 2 days later at We cannot formally establish that dorsal Olig2 ϩ cells is unclear, but comparisons of the total number of Olig1/2-expressing cells in control and Nkx6 mutant emacquire properties of mature oligodendrocytes in vivo, since Nkx6 mutants die at birth and, in wild-type embryos imply that dorsally generated cells represent a minor fraction of the total number of OLPs at prenatal bryos, differentiating dorsal Olig2 ϩ cells downregulate the expression of Pax7 and Gsh1/2 and intermingle with stages of development (20%-30%; data not shown). In wild-type conditions, however, this number could be OLPs generated from the pMN domain. Nevertheless, our data show that cells in Nkx6 mutants differentiate lower, since dorsally specified OLPs in Nkx6 mutants could be propagated more efficiently due to the lack of along the oligodendrocyte lineage in vivo and further that mature oligodendrocytes are produced in vitro in ventrally derived OLPs that are likely to compete for essential growth factors such as PDGF (Calver et al., both cultured Nkx6 mutant tissue and wild-type dorsal spinal cord explants. Taken together, these data strongly 1998). Also, while we observe similar numbers of Olig2 
